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(54) ESTIMATION METHOD AND ADJUSTING METHOD OF IMAGING OPTICAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an estimation method of aberration in 
an imaging optical system by which the aberration can be estimated analytically 
by expressing the distribution of the aberration in the pupil and in an image 
surface at the same time. 

SOLUTION: This estimation method of aberration in an imaging optical system 
using an aberration polynomial comprises processes of: (S11), setting an 
aberration polynominal by using only an orthonormal function series, wherein the 
aberration polynominal expresses aberration in the imaging optical system as 
functions of an image surface coordinate and a pupil coordinate of the imaging 
optical system; (SI 2), obtaining wavefront aberrations at a plurality of points on 
the imaging surface in the imaging optical system; (S13), approximating 
wavefront aberration obtained in the aberration obtaining process (S12) by a 
predetermined polynominal as a function of the pupil coordinate; and (S14), 
determining coefficients of respective terms in the aberration polynomial based 
on a coefficient of each term in the predetermined polynomial obtained in the 
approximating process. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In how to evaluate aberration of an image formation optical system using an aberration polynomial, 

A setting-out process of setting up said aberration polynomial using only an orthonormal-functions series as a function of image 
surface coordinates of said image formation optical system, and pupil coordinates, 

An aberration acquisition process of acquiring a wavefront aberration of said image formation optical system about two or more [ in 
the image surface of said image formation optical system ], 

An approximation process of approximating said wavefront aberration acquired at said aberration acquisition process by a 
predetermined polynomial as a function of pupil coordinates, 

A valuation method including a decision process which determines a coefficient of each item of said aberration polynomial based on a 
coefficient of each item in said predetermined polynomial obtained at said approximation process. 
[Claim 2] 

The valuation method according to claim 1, wherein said setting-out process includes a process of expressing said orthonormal- 
functions series by the Zernike function in pupil coordinates, and the Zernike function in image surface coordinates. 
[Claim 3] 

The valuation method according to claim 1 or 2, wherein said predetermined polynomial contains the Zernike polynomial. 
[Claim 4] 

A valuation method given in any 1 clause of Claims 1-3, wherein said aberration polynomial is set up so that a symmetry-of- 
revolution aberration component about an optic axis of said image formation optical system, an eccentric aberration component, an 
ASU (toric) aberration component, and at least one aberration component in a Japanese honewort aberration component may be 
included. 
[Claim 5] 

The valuation method according to claim 4, wherein said aberration polynomial is set up so that at least one aberration component in 
said eccentric aberration component, said ASU (toric) aberration component, and a Japanese honewort aberration component may be 
included. 
[Claim 6] 

The valuation method according to claim 4 or 5, wherein said symmetry-of-re volution aberration component is expressed as a power 
series of an invariable to rotation in said image surface coordinates and said pupil coordinates. 
[Claim 7] 

The valuation method according to claim 6, wherein said eccentric aberration component is expressed as a product of a primary 
dependence ingredient of coordinates in said image surface coordinates and said pupil coordinates, and a power series of an invariable 
to said rotation. 
[Claim 8] 

The valuation method comprising according to claim 6: 

An ingredient which said ASU (toric) aberration component is a secondary dependence ingredient of coordinates in said image surface 
coordinates and said pupil coordinates, and is a periodic function of 180 degrees to rotation of coordinates. 
A product with a power series of an invariable to said rotation. 

[Claim 9] 

The valuation method comprising according to claim 6: 

An ingredient which said Japanese honewort aberration component is the Miyoshi dependence ingredient of coordinates in said image 
surface coordinates and said pupil coordinates, and is a periodic function of 1 20 degrees to rotation of coordinates. 
A product with a power series of an invariable to said rotation. 

[Claim 10] 

the image surface of a coefficient of each item in said predetermined polynomial from which said decision process was acquired at 
said approximation process — internal division — a valuation method of a description given in any 1 clause of Claims 1-9 including 
the 2nd approximation process that approximates cloth by a predetermined polynomial as a function of said image surface 
coordinates. 
[Claim 11] 

A valuation method given in any 1 clause of Claims 1-10, wherein said aberration acquisition process includes a process of measuring 
a wavefront aberration of said image formation optical system. 
[Claim 12] 

A valuation method given in any 1 clause of Claims 1-11, wherein said aberration acquisition process includes a process of computing 
a wavefront aberration of said image formation optical system with ray tracing. 
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[Claim 13] 

In how to evaluate aberration of said image formation optical system using an aberration polynomial based on an acquired wavefront 
aberration about two or more [ in the image surface of an image formation optical system ], 

A setting-out process of setting up said aberration polynomial using only an orthonormal-functions series as a function of image 
surface coordinates of said image formation optical system, and pupil coordinates, 

An approximation process of approximating said acquired wavefront aberration by a predetermined polynomial as a function of pupil 
coordinates, 

A valuation method including a decision process which determines a coefficient of each item of said aberration polynomial based on a 
coefficient of each item in said predetermined polynomial obtained at said approximation process. 
[Claim 14] 

An adjustment method carrying out optical adjustment of said image formation optical system to any 1 clause of Claims 1-13 based 
on aberration information on said image formation optical system acquired by a valuation method of a description. 
[Claim 15] 

An exposure device having an image formation optical system by which optical acjjustment was carried out with the adjustment 
method according to claim 14 as a projection optical system for carrying out projection exposure of the pattern of a mask to a 
photosensitive substrate. 
[Claim 16] 

An exposure method carrying out projection exposure of the image of a pattern formed in a mask on a photosensitive substrate using 
an image formation optical system by which optical adjustment was carried out with the aajustment method according to claim 14. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Especially this invention relates to aberration evaluation of the projection optical system carried in an exposure device about the 
valuation method of an image formation optical system, the adjustment method of an image formation optical system, an exposure 
device, and an exposure method. 
[Background of the Invention] 
[0002] 

For example, in the lithography process which forms a circuit pattern in manufacture of LSI, the exposure device with which the 
projection optical system for transferring the pattern of a mask to the resist on a wafer was incorporated is used. In the present 
lithography, reducing the aberration of a projection optical system to a limit is called for with increase of the degree of location of LSI, 
and reduction of k1 factor (line width = klxlambda/NA:iambda is an exposure wavelength, and NA is a numerical aperture of a 
projection optical system). 
[0003] 

Therefore, in the optical adjustment process of a projection optical system, the measurement and analysis of the wavefront 
aberration using various kinds of wavefront aberration measuring instruments are conducted in recent years. In the analysis process 
of a wavefront aberration, the measured wavefront aberration is approximated using the Zernike (Fringe Zernike) polynomial as a 
function of pupil coordinates in many cases (fitting). Here, the Zernike polynomial is a function expressing the distribution in the pupil 
of a wavefront aberration. 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0004] 

As mentioned above, the Zernike polynomial is a function suitable for expressing a wavefront aberration in a pupil. However, based on 
a coefficient of each item of the Zernike polynomial, optimizing calculation using a computer needs to determine an optical aajustment 
method and the amount of optical adjustments by trial and error in this case, and it is necessary to perform optical adjustment. 
[0005] 

A function drawn as a function expressing distribution within the image surface of a wavefront aberration on the other hand by 
aberration theory on condition of a symmetry-of-revolution optical system or a function drawn by aberration theory of an optical 
system included an eccentric error up to the 3rd order (ray aberration) is known. However, the conventional function expressing 
distribution within the image surface of a wavefront aberration is insufficient for expressing an aberration state before a numerical 
aperture and optical acljustment of a very large projection optical system of the field, and under optical adjustment. 
[0006] 

This invention is made in view of above-mentioned SUBJECT, and is a thing. 

the purpose — a pupil of aberration of ** — internal division — cloth and the image surface — internal division — it is providing a 
valuation method by which aberration of an image formation optical system can be evaluated analytically by expressing cloth 
simultaneously. 

It aims at providing an adjustment method which can carry out optical adjustment of the image formation optical system good based 
on analytical evaluation of aberration acquired by a valuation method of this invention. It aims at providing an exposure device and an 
exposure method which can perform good projection exposure using an image formation optical system by which optical aajustment 
was carried out good with an aajustment method of this invention. 
[Means for solving problem] 
[0007] 

In the way use an aberration polynomial and the 1 st form of this invention estimates the aberration of an image formation optical 
system in order to solve said SUBJECT, 

The setting-out process of setting up said aberration polynomial using only an orthonormal-functions series as a function of the 
image surface coordinates of said image formation optical system, and pupil coordinates, 

The aberration acquisition process of acquiring the wavefront aberration of said image formation optical system about two or more 
[ in the image surface of said image formation optical system ], 

The approximation process of approximating said wavefront aberration acquired at said aberration acquisition process by the 
predetermined polynomial as a function of pupil coordinates, 

A valuation method including the. decision process which determines the coefficient of each item of said aberration polynomial based 

on the coefficient of each item in said predetermined polynomial obtained at said approximation process is provided. 

[0008] 

According to the desirable mode of the 1 st form, said setting-out process includes the process of expressing said orthonormah 
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functions series by the Zernike function in pupil coordinates, and the Zernike function in image surface coordinates. As for said 
predetermined polynomial, it is preferred that the Zernike polynomial is included. As for said aberration polynomial, it is preferred to be 
set up so that the symmetry-of-revolution aberration component about the optic axis of said image formation optical system, an 
eccentric aberration component, an ASU (toric (Toric)) aberration component, and at least one aberration component in a Japanese 
honewort aberration component may be included. In this case, as for said aberration polynomial, it is preferred to be set up so that at 
least one aberration component in said eccentric aberration component, said ASU (toric) aberration component, and a Japanese 
honewort aberration component may be included, 
[0009] 

According to the desirable mode of the 1 st form, said symmetry-of-revolution aberration component is expressed as a power series 
of the invariable to the rotation in said image surface coordinates and said pupil coordinates. In this case, as for said eccentric 
aberration component, it is preferred to be expressed as a product of the primary dependence ingredient of the coordinates in said 
image surface coordinates and said pupil coordinates and the power series of the invariable to said rotation. Or said ASU (toric) 
aberration component is a secondary dependence ingredient of the coordinates in said image surface coordinates and said pupil 
coordinates, and it is preferred that the product of the ingredient which is a periodic function of 180 degrees, and the power series of 
the invariable to said rotation is included to rotation of coordinates. Or said Japanese honewort aberration component is the Miyoshi 
dependence ingredient of the coordinates in said image surface coordinates and said pupil coordinates, and it is preferred that the 
product of the ingredient which is a periodic function of 120 degrees, and the power series of the invariable to said rotation is 
included to rotation of coordinates. 
[0010] 

the image surface of the coefficient of each item in said predetermined polynomial from which said decision process was acquired at 
said approximation process according to the desirable mode of the 1st form — internal division — the 2nd approximation process 
that approximates cloth by the predetermined polynomial as a function of said image surface coordinates is included. As for said 
aberration acquisition process, it is preferred to include the process of measuring the wavefront aberration of said image formation 
optical system. As for said aberration acquisition process, it is preferred to include the process of computing the wavefront aberration 
of said image formation optical system with ray tracing. 
[0011] 

In the way the 2nd form of this invention estimates the aberration of said image formation optical system using an aberration 
polynomial based on the wavefront aberration acquired about two or more [ in the image surface of an image formation optical 
system ], 

The setting-out process of setting up said aberration polynomial using only an orthonormal-functions series as a function of the 
image surface coordinates of said image formation optical system, and pupil coordinates, 

The approximation process of approximating said acquired wavefront aberration by the predetermined polynomial as a function of 
pupil coordinates, 

A valuation method including the decision process which determines the coefficient of each item of said aberration polynomial based 

on the coefficient of each item in said predetermined polynomial obtained at said approximation process is provided. 

[0012] 

According to the desirable mode of the 2nd form, said setting-out process includes the process of expressing said orthonormal- 
functions series by the Zernike function in pupil coordinates, and the Zernike function in image surface coordinates. As for said 
aberration polynomial, it is preferred to be set up so that at least one aberration component in an eccentric aberration component, an 
ASU (toric) aberration component, and a Japanese honewort aberration component may be included, the image surface of the 
coefficient of each item in said predetermined polynomial from which said decision process was acquired at said approximation 
process — internal division — it is preferred to include the 2nd approximation process that approximates cloth by the predetermined 
polynomial as a function of said image surface coordinates. 
[0013] 

In the 3rd form of this invention, the adjustment method carrying out optical adjustment of said image formation optical system based 
on the aberration information on said image formation optical system acquired by the valuation method of the 1 st form or the 2nd 
form is provided. 
[0014] 

In the 4th form of this invention, the exposure device having the image formation optical system by which optical adjustment was 
carried out with the adjustment method of the 3rd form as a projection optical system for carrying out projection exposure of the 
pattern of a mask to a photosensitive substrate is provided. 
[0015] 

In the 5th form of this invention, the exposure method carrying out projection exposure of the image of the pattern formed in the 
mask on a photosensitive substrate using the image formation optical system by which optical adjustment was carried out with the 
adjustment method of the 3rd form is provided. In the 6th form of this invention, an image formation optical system, wherein optical 
acjjustment is carried out by the aajustment method of the 3rd form is provided. 
[0016] 

In the 7th form of this invention, a recording medium, wherein the program which performs the valuation method of the 1 st form or 
the 2nd form is recorded is provided. In the 8th form of this invention, the subcarrier which can receive by computer carrying the 
signal including the program which performs the valuation method of the 1st form or the 2nd form is provided. 
[Effect of the Invention] 
[0017] 

the valuation method of this invention — the pupil of the aberration of an image formation optical system — internal division — cloth 
and the image surface — internal division — the aberration of an image formation optical system can be analytically evaluated by 
expressing cloth simultaneously. Therefore, based on analytical evaluation of the aberration acquired by the valuation method of this 
invention, optical adjustment of the image formation optical system can be carried out good. Using the image formation optical system 
by which optical adjustment was carried out good with the adjustment method of this invention, good projection exposure can be 
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performed and a good micro device can be manufactured by extension. 

[Best Mode of Carrying Out the Invention] 

[0018] 

The embodiment of this invention is described based on an accompanying drawing. 

Drawing 1 is a figure showing roughly the composition of the exposure device provided with the projection optical system which 
applies the valuation method of the image formation optical system concerning the embodiment of this invention. In drawing 1 , the X- 
axis is set up at right angles to the space of drawing 1 in parallel with the optic axis AX of projection optical system PL, respectively 
in [ in the Z-axis / / in a field vertical to the optic axis AX / in parallel with the space of drawing 1 ] a field vertical to the optic axis 
AX for a Y-axis. 
[0019] 

The exposure device shown in drawing 1 is provided with the F2 laser light source (wavelength of 1 57 nm) as light source LS for 
supplying the illumination light, for example. The light ejected from light source LS illuminates the reticle (mask) R in which the 
predetermined pattern was formed via illumination-light study system IL The optical path between light source LS and illumination- 
light study system IL is sealed by the casing (un-illustrating), and most in illumination-light study system IL from light source LS the 
space to the optical member by the side of a reticle, It is replaced by the inactive gas which is gases with a low absorptivity of 
exposing light, such as gaseous helium and nitrogen, or is held mostly at the vacua. 
[0020] 

The reticle R passes reticle holder RH and is held in parallel with an XY plane on reticle stage RS. The pattern space of the 
rectangular shape which the pattern which should be transferred is formed in the reticle R, has a long side in accordance with the 
direction of X among the whole pattern space, and has a shorter side in accordance with the direction of Y is illuminated. It is 
constituted so that it may be measured by operation of the drive system to which reticle stage RS abbreviated the graphic display by 
interferometer RIF for which it is movable in two dimensions along a reticle side (namely, XY plane), and the position coordinate used 
reticle moving mirror RM and position control may be carried out. 
[0021] 

The light from the pattern formed in the reticle R forms a reticle pattern image via projection optical system PL on the wafer W which 
is a photosensitive substrate. The wafer W passes wafer table (wafer holder) WT, and is held in parallel with an XY plane on wafer 
stage WS. And on the wafer W, a pattern image is formed in the exposure region of the rectangular shape which has a long side in 
accordance with the direction of X, and has a shorter side in accordance with the direction of Y so that it may correspond to the 
illuminated field of the rectangular shape on the reticle R optically. It is constituted so that it may be measured by the interferometer 
WIF for which it is movable in two dimensions and the position coordinate used the wafer moving mirror WM along the wafer surface 
(namely, XY plane) by operation of the drive system to which wafer stage WS abbreviated the graphic display and position control may 
be carried out. 
[0022] 

It comprises an exposure device of a graphic display so that the inside of projection optical system PL may maintain an airtight 
condition between the optical member most arranged at the reticle side among the optical members which constitute projection 
optical system PL, and the optical member arranged most at the wafer side, The gas inside projection optical system PL is replaced 
by inactive gas, such as gaseous helium and nitrogen, or is held mostly at the vacua. 
[0023] 

Although the reticle R, reticle stage RS, etc. are arranged at the narrow optical path between illumination-light study system IL and 
projection optical system PL The inside of the casing (un-illustrating) which carries out seal envelopment of the reticle R, the reticle 
stage RS, etc. is filled up with inactive gas, such as nitrogen and gaseous helium, or it is held mostly at the vacua. 
[0024] 

Although the wafer W, wafer stage WS, etc. are arranged at the narrow optical path between projection optical system PL and the 
wafer W, The inside of the casing (un-illustrating) which carries out seal envelopment of the wafer W, wafer stage WS, etc. is filled up 
with inactive gas, such as nitrogen and gaseous helium, or it is held mostly at the vacua. Thus, the whole optical path from light 
source LS to the wafer W is covered, and the atmosphere by which exposing light is hardly absorbed is formed. 
[0025] 

As mentioned above, the illuminated field on the reticle R specified by projection optical system PL and the exposure region (namely, 
effective exposure region) on the wafer W are rectangular shape which has a shorter side in accordance with the direction of Y. 
Therefore, performing position control of the reticle R and the wafer W using a drive system, an interferometer (RIF, WIF), etc. In 
accordance with the short side direction of Y, i.e., direction, of the exposure region of rectangular shape, and an illuminated field, 
reticle stage RS and wafer stage WS as a result, by moving the reticle R and the wafer W synchronous (scan), Scanning exposure of 
the reticle pattern is carried out to the field which has width equal to the long side of an exposure region on the wafer W, and has the 
length according to the scanning amount (movement magnitude) of the wafer W. 
[0026] 

According to this embodiment, although the valuation method and adjustment method of this invention are applied to projection 
optical system PL as an image formation optical system, in advance of this explanation, the aberration polynomial (aberration 
function) which generally expresses the aberration of projection optical system PL as a function of image surface coordinates and 
pupil coordinates is newly derived (setting out). Drawing 2 is a figure explaining the image surface coordinates and pupil coordinates of 
projection optical system PL If its attention is paid to the beam of light which passes along image surface rectangular coordinates (y, 
2) and pupil rectangular coordinates (xi, eta) in drawing 2 , the wavefront aberration W of this beam of light should be developed by the 
power series of y, z, xi, and eta. 
[0027] 

Then, the symmetry-of-re volution aberration component Wr about the optic axis AX of projection optical system PL is first 
considered among each ingredient of the wavefront aberration W. The invariable to rotation of coordinates is expressed with following 
formula (1) - (3). And the symmetry-of-revolution aberration component Wr is expressed by the power series of the invariable of a 
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formula (1), the invariable of a formula (2), and the invariable of a formula (3). If it puts in another way, the symmetry-of-revolution 

aberration component Wr will be expressed by {the power series of (1) to (3)]. 

[0028] 

y 2 +z2(1) 

x«2+eta 2 (2) 
Y-xi+z-eta (3) 
[0029] 

Next, the eccentric aberration component Ws about the optic axis AX of projection optical system PL is considered among each 
ingredient of the wavefront aberration W. The coordinates (image surface coordinates or pupil coordinates) dependency of the 
aberration component newly generated in eccentricity is primary. Therefore, it is expressed as a product with the power series of the 
invariable to the rotation expressed with any one following ingredient in the primary coordinates dependence ingredient expressed 
with - (7) and formula (4) type (1) - (3), the aberration Ws, i.e., the eccentric aberration component, having contained the eccentric 
ingredient, putting in another way — if — eccentricity — an aberration component — Ws — { — ( — one — ) — from — ( — three — ) 

- a power series — } — x — { — ( — four — ) — from — ( — seven — ) — some — one — a ** — } — expressing — having . 
[0030] 

y(4) 
z(5) 
xi (6) 
eta (7) 
[0031] 

Next, the ASU (toric) aberration component Wa is considered among each ingredient of the wavefront aberration W. The coordinates 
(image surface coordinates or pupil coordinates) dependency of the aberration component newly generated of an ASU (toric (Toric)) 
ingredient is only the 2nd order, and is a periodic function of 180 degrees to rotation of coordinates, for this reason, the aberration 
Wa, i.e., the ASU (toric) aberration component, having contained the ASU (toric) ingredient. It is expressed as a product of the 
ingredient which is a secondary dependence ingredient of the coordinates expressed with - (13), and is a periodic function of 180 
degrees to rotation of coordinates, and the power series of the invariable to the rotation expressed with following formula (8) type (1) 

- (3). putting in another way — if — ASU (toric) — an aberration component — Wa — { — ( — one — ) — from — ( — three — ) — a 
power series — ) — x — { — ( — eight — ) — from — (—13 — ) — some — one — a ** — ) — expressing — having . 

[0032] 
y 2 -z2 (8) 
2 y-z (9) 
xi2-eta2 (10) 
2xi-eta(11) 
Y-xi-z-eta (12) 
Y-eta+z-xi (13) 
[0033] 

Finally, the Japanese honewort aberration component Wt is considered among each ingredient of the wavefront aberration W. The 
coordinates (image surface coordinates or pupil coordinates) dependency of the aberration component newly generated of a Japanese 
honewort (Trefoil) ingredient is only the 3rd order, and is a periodic function of 1 20 degrees to rotation of coordinates. For this 
reason, it is expressed as a product of the ingredient which is the Miyoshi dependence ingredient of the coordinates expressed with - 
(21), and is a periodic function of 120 degrees to rotation of coordinates, and the power series of the invariable to the rotation 
expressed with following formula (14) type (1) - (3), the aberration Wt, i.e., the Japanese honewort aberration component, having 
contained the Japanese honewort ingredient, putting in another way — if — Japanese honewort — an aberration component — Wt - 

- {— (— one — ) — from — ( — three — ) — a power series — ] — x — [ — ( — 14 — ) — from — ( — 21 — ) — some — one — a ** 
— ] — expressing — having . 

[0034] 

y(y2-3z2)(14) 
z(3y2- 2 2)(15) 
xi(xi2-3eta 2 )(16) 
eta (3xi2-eta2)(17) 
(y2- z 2) xi-2yzeta (18) 
2yzxi-Ky2- z 2) eta (19) 
y(xi 2 -eta 2 )-2zxieta (20) 
z(xi2-eta2)+2yxieta (21) 
[0035] 

in this way — the symmetry of revolution — an aberration component — Wr — eccentricity — an aberration component — Ws 
ASU (toric) — an aberration component — Wa — Japanese honewort — an aberration component — Wt — having contained — a 
wavefront aberration — W — { — ( — one — ) — from — ( — three — ) — a power series — ) — or — { — ( — one — ) — from — ( — 
three — ) — a power series — ) — x — { — ( — four — ) — from — ( — 21 — ) — some — one — a ** — ) — it can express . On the 
other hand, reference of drawing 2 will form the relation shown in following formula (a) - (d) between image surface rectangular 
coordinates (y, z) and pupil rectangular coordinates (xi, eta), image surface polar coordinates (h, alpha), and pupil polar coordinates 
(rho, theta). Here, h and rho are standardization half **, and alpha and theta are the radius vector angles of polar coordinates. 
[0036] 

y=hcosalpha (a) 
z=hsinalpha (b) 
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Xi=rhocostheta (c) 
Eta=rhosintheta (d) 
[0037] 

Therefore, based on the relation shown in formula (a) - (d), above-mentioned formula (1) - (21) can be transformed into following 

formula (A) - (U), respectively. 

[0038] 

y2+ z 2(1)ish2(A). 

xi2+eta2 (2) is rho 2 (B). 

Y-xi+z-eta (3) is rhohcos (theta-alpha). (C) 

y (4) is hcosalpha (D). 

z (5) is hsinalpha (E). 

xi (6) is rhocostheta (F). 

eta (7) is rhosintheta (G). 

y2- z 2 (8) is h 2 cos2alpha (H). 

2 y-z (9) is h 2 sin2alpha (I)s. 

xi 2 -eta 2 (10) is rho 2 cos2theta (J). 

2 xi-eta (1 1) is rho 2 sin2theta (K). 

Y-xi-z-eta (12) is hrhocos (theta+alpha). (L) 

Y-eta+z-xi (13) is hrhosin (theta+alpha). (M) 

y (y 2 -3z 2 ) (14) is h3 C os3alpha (N). 

z (3y 2 -z 2 ) (15) is h3 s in3alpha (O). 

xi (xi 2 -3eta 2 ) (16) is rho 3 cos3theta (P). 

eta (3xi 2 -eta 2 ) (17) is rho 3 sin3theta (Q). 

(y 2 -z 2 ) xi-2yzeta (18) is h 2 rhocos (theta+2alpha) (R). 

2yzxi+(y 2 -z 2 ) eta (1 9) is h 2 rhosin (theta+2alpha) (S). 

y(xi 2 -eta 2 )-2zxieta (20) is hrho 2 cos (2 theta+alpha) (T). 

z(xi 2 -eta 2 )+2yxieta (21) is hrho 2 sin (2 theta+alpha) (U). 

[0039] 

Therefore, the wavefront aberration W having contained the symmetry-of-re volution aberration component Wr, the eccentric 
aberration component Ws, the ASU (toric) aberration component Wa, and the Japanese honewort aberration component Wt is 
expressed with the following aberration polynomial (e). 
[0040] 

W=sigma (MixFMi) 
It corrects, 

FMi=(Ai1-Bi2-Ci3) x — {(D k 1 -E k2 -p k3 -G k4 ) 
x ( H k5- I k6-jk7- K k8- L k9_ M k10) 
x (N k11 -O kl2 -pk13-Qk14-Rk15) 

-s^e-xkn-ukis]^) 

[0041] 

sigma is the sigma about positive integer i (i= 1, 2 and 3, ...) here, and Mi and FMi are the coefficients and functions of each item in 
the aberration polynomial sigma (Mi-FMi). j1-j3 are nonnegative integers (0, 1, 2, ...). k1-k18 are 0 or 1, and fill sigmaki<=1. if it puts in 
another way, or all will be 0 k1 — k1 8 — being certain — it is — yes, only a gap or one are 1 and others are 0. When all of k1-k18 are 0, 
specifically, the clause concerned will express the symmetry-of-re volution aberration component Wr. On the other hand, when only 
any one of k1-the k18 is 1, the clause concerned will express the eccentric aberration component Ws, the ASU (toric) aberration 
component Wa, or the Japanese honewort aberration component Wt. 
[0042] 

The combination (in each table, a blank is 0) of the degree of the value of i corresponding to the aberration function FMi of each item 
in the aberration polynomial sigma (Mi-FMi), omega dependency, an aberration degree, j1-j3, and k1 — k1 8 is shown in the next table (1) 
and (2). Here, the combination of the degree of j1-j3, and k1-k18 is prescribed that the aberration function FMi of each item other 
than absolute term FM1 contains rho at least. What 360-degree rotational dependence (1-time rotational dependence) is in omega 
dependency in being that there is no rotational dependence in the case of omega= 0, and omega= 1, In being that there is 1 80-degree 
rotational dependence (2 times rotational dependence) in the case of omega= 2, and omega= 3, it shows, respectively that there is 
1 20-degree rotational dependence (3 times rotational dependence). 
[0043] 

If any one of j1-the j3 is 1, only an aberration degree's 2 will increase, if any one of k1-the k4 is 1, only an aberration degree's 1 will 
increase, if any one of k5~the k10 is 1, only an aberration degree's 2 will increase, and if any one of k1 1-the k18 is 1, only an 
aberration degree's 3 will increase. The display of the aberration function FMi after the 47th clause is omitted in Table (1) and (2). 
[0044] 
A table (1) 
[Table 1] 
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[0045] 
A table (2) 
[Table 2] 
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[0046] 

Next, Table (1) and (2) is followed, and the aberration function FMi of each item in the aberration polynomial sigma (Mi-FMi) is 
expressed by image surface rectangular coordinates (z, y) and pupil polar coordinates (rho, theta), and is shown in the following tables 
(3). in the aberration classification of a table (3) — Focus — a focus — Dist — distortion — Toric — toric one — Coma shows a 
top, Trefoil shows Japanese honewort, and ASU shows ASU (toric) aberration, respectively. In the table (3), the degree expresses the 
aberration degree. In the aberration function FMi of a table (3), "+ ..." expresses the portion which can be expressed with the 
aberration function of existing appearance. In the table (3), the display of the aberration function FMi after the 47th clause is omitted. 
[0047] 
A table (3) 
[Table 3] 
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[0048] 

Here, a matter fundamental about the Zernike polynomial showing the distribution in the pupil of a wavefront aberration is explained. 
In expression of the Zernike polynomial, Zernike's cylindrical function is used as a system of orthogonal functions using above- 
mentioned pupil polar coordinates (rho, theta) as a coordinate system. That is, using Zernike's cylindrical function Zi (rho, theta), the 
wavefront aberration W (rho. theta) is developed, as shown in the following formula (f). 
[0049] 

W(rho, theta) =sigmaChZi (rho, theta) 

= CI, ZKrho, theta)+C2, andZ2 (rho, theta) 

.... +Cn-Zn (rho, theta) (f) 

[0050] 

Here, Ci is a coefficient of each item of the Zernike polynomial. Hereafter, the functions Z1-Z36 which start the 1st clause - the 36th 

clause among the function systems Zi (rho, theta) of each item of the Zernike polynomial are shown in the next table (4). 

[0051] 

A table (4) 

ZI: 1 

Z2 : rhocostheta 

Z3 : rhosintheta 

Z4 : 2rho 2 -1 

Z5 : rho 2 cos2theta 

Z6 : rho 2 sin2theta 

Z7 : (3rho 2 -2) rhocostheta 

Z8 : (3rho 2 -2) rhosintheta 

Z9 : 6rho 4 -6rho 2 +1 

Z10 : rho 3 cos3theta 

Z1 1 : rho 3 sin3theta 

Z12 : (4rho 2 -3) rho 2 cos2theta 

Z13 : (4rho 2 -3) rho 2 sin2theta 

Z14 : (10rho 4 -12rho 2 +3) rhocostheta 

Z15 : (10rho 4 -12rho 2 +3) rhosintheta 

Z16 : 20rh O 6-30rho 4 +12rho 2 -1 

Z17 : rho 4 cos4theta 

Z18 : rho 4 sin4theta 

Z19 : (5rho 2 -4) rho 3 cos3theta 

Z20 : (5rho 2 -4) rho 3 sin3theta 

Z21 : (15rho 4 -20rho 2 +6) rho 2 cos2theta 

Z22 : (1 5rho 4 -20rho 2 +6) rho 2 sin2theta 

Z23 : (35rho 6 -60rho 4 +30rho 2 -4) rhocostheta 

Z24 : (35rho 6 -60rho 4 +30rho 2 -4) rhosintheta 

Z25 : 70rho 8 -140rho 6 +90rho 4 -20rho 2 +1 

Z26 : rho 5 cos5theta 

Z27 : rho 5 sin5theta 

Z28 : (6rho 2 -5) rho 4 cos4theta 

Z29 : (6rho 2 -5) rho 4 sin4theta 

Z30 : (21rho 4 -30rho 2 +10) rho 3 cos3theta 

Z31 : (21rho 4 -30rho 2 +10) rho 3 sin3theta 

Z32 : (56rho 6 - 1 04rho 4 +60rho 2 -1 0) rho 2 cos2theta 

Z33 : (56rho 6 -104rho 4 +60rho 2 -10) rho 2 sin2theta 

Z34 : (126rho 8 -280rho 6 +210rho 4 -60rho 2 +5) rhocostheta 

Z35 : (126rhoS-280rho6+210rho 4 -60rho 2 +5) rhosintheta 

Z36 : 252rho 10 -630rho 8 +560rho 6 -210rho 4 +30rho 2 -1 

[0052] 

Next, the aberration function FMi of each item shown in the table (3) of the aberration polynomial sigma (Mi-FMi), It changes into the 
form of the linear combination of the Zernike function Zi of each item shown in the table (4) of the Zernike polynomial, and this is 
shown in the following tables (5) as the new aberration function FNi, i.e., the aberration function by which Zernike function table 
present was carried out for an aberration polynomial. On the occasion of modification of the aberration function FMi of each item, 
substitution introduction of the Zernike function Zi with same classification of sin and cos in which the degree of rho and the degree 
of theta are the same is carried out. 
[0053] 

As a result of transforming the aberration function FMi of each item, when the aberration function FNi of a certain clause includes the 
aberration function FNj of other clauses, in order to avoid redundancy (redundancy), the portion corresponding to the aberration 
function FNj is omitted from the aberration function FNi. If FM2 and Z4 are referred to as concrete simplest example, aberration 
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function FN2 of the 2nd clause will be set to (Z4-Z1) at an initial target, but. Since aberration function FN1=Z1 of other clauses (the 
1st clause) is included, the portion Z1 corresponding to aberration function FN2 to aberration function FN1 is omitted, and it is being 
referred to as aberration function FN2=Z4. 
[0054] 

As a result of transforming the aberration function FMi of each item, also when the aberration function FNi of a certain clause is in 
agreement with the aberration function FNj of other clauses, in order to avoid redundancy, adoption of the aberration function FNj is 
omitted. Since the aberration functions FN39 and FN40 of the 39th clause and the 40th clause are specifically in agreement with the 
aberration functions FN25 and FN26 of the 25th clause and the 26th clause, respectively if a table (5) is referred to, In the aberration 
polynomial sigma (Mi-FNi), the aberration functions FN39 and FN40 of the 39th clause and the 40th clause will be used. 
[0055] 

In a table (5), the aberration functions FN2-FN8 correspond to the symmetry-of-re volution aberration component Wr, The aberration 
functions FN9-FN20 correspond to the eccentric aberration component Ws, the aberration functions FN21-FN40 correspond to the 
ASU (toric) aberration component Wa, and the aberration functions FN41-FN46 support the Japanese honewort aberration 
component Wt. In the table (5), the display of the aberration function FNi after aberration function FN1=Z1 of the 1st clause and the 
47th clause is omitted. 
[0056] 
A table (5) 
[Table 5] 
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[0057] 

According to this embodiment, when fitting [ a wavefront aberration / an aberration polynomial ] (approximation), in order to suppress 
a fitting error small, an aberration polynomial is used and set up only for an orthonormal-functions series as a function of image 
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surface coordinates and pupil coordinates. For this purpose, by this embodiment, it is made to correspond to the Zernike function Zi 

expressed with pupil polar coordinates (rho, theta), and the Zernike function Fi expressed by image surface polar coordinates (h, 

alpha) is introduced. Zernike function F1 in the image surface coordinates concerning the 1 st clause - the 36th clause - F36 are 

shown in the next table (6). 

[0058] 

A table (6) 

FI: 1 

F2 : hcosalpha 

F3 : hsinalpha 

F4 : 2h2-1 

F5 : h 2 cos2alpha 

F6 : h 2 sin2alpha 

F7 : (3h 2 -2) hcosalpha 

F8 : (3h2-2) hsinalpha 

F9 : 6h4-6h2+1 

F10 : h 3 cos3alpha 

F1 1 : h^sin3alpha 

F12:(4h 2 -3) h2 C os2alpha 

F13:(4h 2 -3)h2 s in2alpha 

F14:(10h 4 -12h 2 +3) hcosalpha 

F15:(10h 4 -12h 2 +3) hsinalpha 

F16:20h 6 -30r. 4 +12h 2 -1 

F17 : h 4 cos4alpha 

F18 : h 4 sin4alpha 

F19 :(5h 2 -4)h3 C os3alpha 

F20 : (5h2-4) h.3sin3alpha 

F21 : (15h 4 -20h 2 +6) h 2 cos2alpha 

F22 : (15h 4 -20h2+6) h 2 sin2alpha 

F23 : (35h6-60h 4 +30h2-4) hcosalpha 

F24 : (35h 6 -60h 4 +30h2-4) hsinalpha 

F25 : 70h8-140h6+90h 4 -20h2+1 

F26 : h 5 cos5alpha 

F27 : h 5 sin5alpha 

F28 : (6h2-5) h 4 cos4alpha 

F29 : (6h2-5) h 4 sin4alpha 

F30 : (21 h 4 -30h2+1 0) h3 C os3alpha 

F31 :(21h 4 -30h 2 +10)h 3 sin3alpha 

F32 : (56h6-104h 4 +60h2-10) h 2 cos2alpha 

F33 : (56h6-104h 4 +60h 2 -10) h2 s in2alpha 

F34 : (126h8-280h6+2t0h 4 -60h2+5) hcosalpha 

F35 : (126h8-280h6+210h 4 -60h2+5) hsinalpha 

F36 : 252h10-630h 8 +560h6-21Oh 4 +3Oh 2 -1 

[0059] 

When expressing the wavefront aberration of a actual projection optical system as a function of image surface coordinates and pupil 
coordinates, so that it may mention later, Each aberration component will be computed by approximating the wavefront aberration 
acquired by measurement (or ray trace calculation) in two or more [ in an exposure region ] to the Zernike function, and also 
resembling the aberration polynomial of this embodiment. When fitting [ a wavefront aberration / an aberration polynomial ], in order 
to suppress a fitting error small at this time, orthogonalization of the aberration function FNi shown in the table (5) becomes 
SUBJECT. 
[0060] 

According to this embodiment, it is circular, and the image surface orthogonalizes an aberration function, for example by a Gram- 
Schmidt-orthogonalization method, on condition that the maximum image height is standardized to 1 , and it derives the aberration 
function series by which orthonormalization was carried out eventually. Namely, the Zernike function Zi in pupil coordinates and the 
Zernike function Fi in image surface coordinates express the orthonormal-functions series TAi, TBi, TCi, and TDi, An aberration 
polynomial as shown in the following formula (g) is set up as a function of image surface coordinates and pupil coordinates only using 
these orthonormal-functions series TAi, TBi, TCi, and TDi. 
[0061] 

W=sigma (MAixTAi+MBixTBi+MCixTCi) 

+ MDixTDi (g) 

[0062] 

In the aberration polynomial showing in a formula (g), MAi and TAi are the coefficients and the orthogonalized aberration functions of 
each item about the symmetry-of-revolution aberration component Wr. MBi and TBi are the coefficients and the orthogonalized 
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aberration functions of each item about the eccentric aberration component Ws. MCi and TCi are the coefficients and the 
orthogonalized aberration functions of each item about the ASU (toric) aberration component Wa. MDi and TDi are the coefficients 
and the orthogonalized aberration functions of each item about the Japanese honewort aberration component Wt. 
[0063] 

The orthogonalization aberration function TAi of each item about the symmetry-of-revolution aberration -component Wr is shown in 
the next table (7) and (8). The orthogonalization aberration function TBi of each item about the eccentric aberration component Ws is 
shown in next table (9) - (12). The orthogonalization aberration function TCi of each item about the ASU (toric) aberration component 
Wa is shown in the next table (13). The orthogonalization aberration function TDi of each item about the Japanese honewort 
aberration component Wt is shown in the next table (14). in addition — the orthogonalization aberration function TAi — the display of 
the function after the 51st clause — with the orthogonalization aberration function TBi, the display of the function after the 19th 
clause is omitted with the orthogonalization aberration function TCi, and the display of the function after the 7th clause is omitted for 
the display of the function after the 131st clause by the orthogonalization aberration function TDi, respectively. 
[0064] 
A table (7) 
[Table 7] 



TAi 




JR«*HS 




TA1 


2 


IU 1 


F2xZ2+F3xZ3 


TA2 


2 


Focus 


Z4 


TA3 


4 


4&Dist31 


F7xZ2+F8xZ3 


TA4 


4 


' W 199* W Z*^ iUlfci. 


F4xZ4 


TA5 


4 




F5xZ5+F6xZ6 


TA6 


4 




F2xZ7+F3xZ8 


TA7 


4 


*T «CA. \ai *JA £C, \J f 


Z9 


TA8 


6 


6<feDist51 


F14xZ2+F15xZ3 


TA9 


6 




F9xZ4 


TA10 


6 


6&TX42 


F12xZ5+F13xZ6 


TA1 1 


6 


62te3"733 


F7xZ7+F8xZ8 


TA12 


6 


6&BR3i;£lfll24 


F4xZ9 


TA13 


6 


6#J3 633 


F10xZ10+F11xZ11 


TAI 4 


6 


6^7X24 


F5xZt2+F6xZ13 


TAI 5 


6 


63fcuT15 


F2xZ14+F3xZ15 


TA16 


6 




Z16 


TA17 


8 


8<fcdist71 


F23xZ2+F24xZ3 


TAI 8 


8 


8&&®62 


F16xZ4 


TA19 


8 


8^7X62 


F21xZ5+F22xZ6 


TA20 


8 


8&Z1T53 


F14xZ7+F15xZ8 


TA21 


8 


8&$c®44 


F9xZ9 


TA22 


8 


8^3 053 


F19xZ10+F20xZ11 


TA23 


8 


8&7X44 


F12xZ12+F13xZ13 


TA24 


8 


8#=3T35 


F7xZ14+F8xZ15 


TA25 


8 


8&S|c®26 


F4xZ16 


TA26 


8 


8&4 944 


F17xZ17+F18xZ18 


TA27 


8 


8&3 835 


Ft0xZ19+F11xZ20 


TA28 


8 


8&7X26 


F5xZ21+F6xZ22 



[0065] 
A table (8) 
[Table 8] 
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TAi 






torn®® 


TA29 


8 


8&ZT717 


F2xZ23+F3xZ24 


TA30 


8 


8&Jic®08 


Z25 


TA31 


10 


10&dist91 


F34xZ2+F35xZ3 


TA32 


10 


10&;f ft82 


F25xZ4 


TA33 


10 


10&7X82 


F32xZ5+F33xZ6 


TA34 


10 


10feT73 


F23xZ7+F24xZ8 


TA35 


10 


1 0&££®64 


F16xZ9 


TA36 


10 


10^3 073 


F30xZ10+F31xZ11 


TA37 


10 


10&7X64 


F21xZ12+F22xZ13 


TA38 


10 


1 0^3-755 


F14xZ14+F15xZ14 


TA39 


10 


10#Efc®;f&46 


F9xZ16 


TA40 


10 


10&4 664 


F28xZ17+F29xZ18 


TA41 


10 


10&3 055 


F19xZ19+F20xZ2O 


TA42 


10 


1 0&73.46 


F12xZ21+F13xZ22 


TA43 


10 


1 0&3737 


F7xZ23+F8xZ24 


TA44 


10 


10%.J$ffiM ft 28 


F4xZ25 


TA45 


10 


10#£5 055 


F26xZ26+F27xZ27 


TA46 


10 


10&4 046 


F17xZ28xF18xZ29 


TA47 


10 


037 


F10xZ3O+F11xZ31 


TA48 


10 


10^TX28 


F5xZ32+F6xZ33 


TA49 


10 


10^=1"719 


F2xZ34+F3xZ35 


TA50 


10 


io;jfei*®oio 


Z36 



[0066] 
A table (9) 
[Table 9] 
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TBi 


«TTT.. /> i^A 




l**^ *JL_ 1«**J MA 


TR1 


1 

t 




72 


TR2 


t 




73 


TR3 

1 Dv 


3 


3#<s;ft;nkt21-1(0) 


F4x72 


TR4 

1 L) T 




3 >fc fH ^Di«5t2 1 - 1 ( 90) 

O «/V kh8 'LA UiOLc 1 I \ \j\JJ 


F4x73 


TR5 




3&(§££Dist2 1 -2(0) 

w<A.yt8j /lal/iol^. 1 fcW/ 


F5*72+F6x73 


TRfi 

1 DU 


'I 




Ffix7 2^5x73 


TR7 

ID/ 


3 


3 rffi * J L M 2(0) 


F2x74 


TRft 


3 




F3x74 


TRQ 


3 


3 St x 1 2(0) 


F2x75+F3x7fi 


TR10 

lulu 


3 


3^^11^7X12(90) 


-F3x75+F2xZ6 


TB11 


3 


3Jfe(^rt^I3T03(0) 


77 


TB12 


3 


3 >fe M ZI V03( 90) 


Z8 


TR13 


V 




F9xZ2 


TR14 


C 


r tf>Gl;&nkt4i -1 (qo) 


FQx73 


1 D 1 J 


c 

\J 


^nicH-41 -2(0) 

n2 "CA. VBfl /CA ' • £\w 


F12x72+F13x73 


TR1 ft 
1 DID 


c 

*> 




F1 3v72-F1 2*73 


TR17 

1 D I / 




5;^^^^&Si32(0) 


F7xZ4 


TB18 


5 


5^iiS^®32(90) 


F8xZ4 


TB19 


5 


5^<lS7X32-1(0) 


F7xZ5+F8xZ6 


TB20 


5 


5^{i^;TX32-1(90) 


-F8xZ5+F7xZ6 


TB21 


5 


5^^7X32-2(0) 


F10xZ5+F11xZ6 



[0067] 

A table (10) 

[Table 10] 
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TBi 








TB22 


5 


5^MSTX32-2(90) 


F11xZ5-F10xZ6 


TB23 


5 


5&(I£=IV23-1(0) 


F4xZ7 


TB24 


5 


5^^3-723-1(90) 


F4xZ8 


TB25 


5 


53fc(I;&=lV23-2(0) 


F5xZ7+F6xZ8 


TB26 


5 


5^ilS=lV23-2(90) 


F6xZ7-F5xZ8 


TB27 


5 


5&(I&I*ffi14(0) 


F2xZ9 


TB28 


5 


5&d£S*ffi14(90) 


F3xZ9 


TB29 


5 


5#{I£3 623(0) 


F5xZ10+F6xZ11 


TB30 


5 


53Wi;B3 623(90) 


-F6xZ10+F5xZ11 


TB31 


5 


5&(l£7X14(0) 


F2xZ12+F3xZ13 


TB32 


5 


5&<I&7X14(90) 


-F3xZ12+F2xZ13 


TB33 


5 


5^(i«3"705(0) 


Z14 


TB34 


5 


5^M^3T05(90) 


Z15 


TB35 


7 


7ifc(i£Dist61-1(0) 


F16xZ2 


TB36 


7 


7^(iS:Dist61-1(0) 


F16xZ3 


TB37 


7 


72>i{lSDist61-2(0) 


F21xZ2+F22xZ3 


TB38 


7 


7ife<lSDist61-2(90) 


F22xZ2-F21xZ3 


TB39 


7 




F14xZ4 


TB40 


7 


7^ii^:^ffi52(90) 


F15xZ4 


TB41 


7 


7ifc(g&7X52-1(0) 


F14xZ5+F15xZ6 


TB42 


7 


7^(1^7X52-1(90) 


-F15xZ5+F14xZ6 


TB43 


7 


7^(1^7X52-2(0) 


F19xZ5+F20xZ6 


TB44 


7 


7&(I £7X52-2(90) 


F20xZ5-F19xZ6 | 


TB45 


7 


7^(1^=1-743-1(0) 


F9xZ7 


TB46 


7 


7^(1S=IT43-1(90) 


F9xZ8 


TB47 


7 


7^(1^3^43-2(0) 


F12xZ7+F13xZ8 


TB48 


7 


7&(I£=lV43-2(90) 


F13xZ7-F12xZ8 


TB49 


7 


7ifc(lSSSffi34(0) 


F7xZ9 


TB50 


7 


7#(1&£*®34(90) 


F8xZ9 j 


TB51 


7 


7^dS3 643-1(0) 


F12xZ10+F13xZ11 


TB52 


7 


7^(1S3 643-1(90) 


-F13xZ10+F1 2x211 


TB53 


7 


7%.M&3 643-2(0) 


F17xZ10+F18xZ11 


TB54 


7 


7^(lS3 643-2(90) 


F18xZ10-F17xZ11 


TB55 


7 


7^(1^7X34-1(0) 


F7xZ12+F8xZ13 


TB56 


7 


7^(1^7X34-1(90) 


-F8xZ12+F7xZ13 


TB57 


7 


7^(1^7X34-2(0) 


F10xZ12+F11xZ13 


TB58 


7 


7&(ig;&7X34-2(90) 


F11xZ12-F10xZ13 


TB59 


7 


7^(lS;3T25-1(0) 


F4xZ14 


TB60 


7 


7#(l&=l 725-1(90) 


F4xZ15 


TB61 


7 


7^(lS=|-725-2(0) 


F5xZ14+F6xZ15 


TB62 


7 


7;jfedS=lT25-2(90) 


F6xZ14-F5xZ15 


TB63 


7 


7^(lM®16(0) 


F2xZ16 


TB64 


7 


7^M^ei6(90) 


F3xZ16 


TB65 


7 


7<K(I£4 634(0) 


F10xZ17+F11xZ18 
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[0068] 

A table (11) 

[Table 11] 
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TBi 








TB69 


7 


7^^^7X16(0) 


F2xZ21+F3x222 


TB70 


7 


7^(1^7X16(90) 


-F3xZ21+F2xZ22 


TB71 


7 


7^{S^3T07(0) 


Z23 


TB72 


7 


7^fiSa-707(90) 


Z24 


TB73 


9 


9&H£dist81-1(0) 


F25xZ2 


TB74 


9 


9^<lSdist81-1(90) 


F25xZ3 


TB75 


9 


9#ii;Sdist81-2(0) 


F32xZ2+F33xZ3 


TB76 


9 


9^<S^dist81-2(90) 


F33xZ2-F32xZ3 


TB77 


9 


9*«»*S72(0) 


F23xZ4 


TB78 


9 


9&f§S&®72(90) 


F24xZ4 


TB79 


9 


9^{iSTX72-1(0) 


F23xZ5+F24xZ6 


TB80 


9 


9<fciUB;7X72-1(90) 


-F24xZ5+F23xZ6 


TB81 


9 


9^(iSTX72-2(0) 


F30xZ5+F31xZ6 


TB82 


9 


9^*1^7X72-2(90) 


F31xZ5-F30xZ6 


TB83 


9 


9^<lS3-763-1(0) 


F16xZ7 


TB84 


9 


9^<1^=»V63-1(90) 


F16xZ8 


TB85 


9 


9^{i^zi-763-2(0) 


F21xZ7+F22xZ8 


TB86 


9 


9^<lS3"763-2(90) 


F22xZ7-F21xZ8 


TB87 


9 


9&{gS8l®54(0) 


F14xZ9 


TB88 


9 


9&<S&£*®54(90) 


F15xZ9 


TB89 


9 


9#MS3 063-1(0) 


F21xZ10+F22xZ11 


TB90 


9 


9^<lS3 663-1(90) 


-F22xZ10+F21xZ11 


TB91 


9 


663-2(0) 


F28xZ10+F29xZ11 


TB92 


9 


9^iiS3 663-2(90) 


F29xZ10-F28xZ11 


TB93 


9 


9^iiST7.54-1(0) 


F14xZ12+F15xZ13 


TB94 


9 


9&<S&7'X54-1(90) 


-F15xZ12+F14xZ13 


TB95 


9 


9>Jj<iSr^54-2(0) 


F19xZ12+F20xZ13 


TB96 


9 


9^(lS7X54-2(0) 


F20xZ12-F19xZ13 


TB97 


9 


9&<l£=r745-1(0) 


F9xZ14 


TB98 


9 


9^MSaT45-1(90) 


F9xZ15 


TB99 


9 


93feS«aT45-2(0) 


F12xZ14+F13xZ15 


TB100 


9 


9*MS:=JT45-2(90) 


F13xZ14-F12xZ15 


TB101 


9 


9&ff£ttpi36(0) 


F7xZ16 


TB102 


9 


9^(g^ffi36(90) 


F8xZ16 


TB103 


9 


9i>ifiS4 654-1(0) 


F19xZ17+F20xZ18 


TB104 


9 


9&mfo4 654-1(90) 


-F20xZ17+F19xZ18 


TB105 


9 


9#{i£4 654-2(0) 


F26xZ17+F27xZ18 


TBI 06 


9 


9&fl;&4 654-2(90) 


F27xZ17-F26xZ18 


TB107 


9 


9&{g£3 645-1(0) 


F12xZ19+F13xZ20 


TB108 


9 


9#®;S3 645-1(90) 


-F13xZ19+F12xZ20 


TB109 


9 


645-2(0) 


F17xZ19+F18xZ20 


TB110 


9 


9&dS3 645-2(90) 


F18xZ19-F17xZ20 


TB111 


9 


9afcflSTX36-1(0) 


F7xZ21+F8xZ22 


TB112 


9 


9^ST7>36-1(90) 


-F8xZ21+F7xZ22 



1 
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[0069] 

A table (12) 

[Table 12] 



TBi 


tS< <T. "i^V PSA 






1 w | 1 V 


9 


9 Jfcdl "727-1 (90) 


F4xZ24 


TB1 17 

1 t— ' It/ 


9 


9>fe^S;z3 "727-2(0) 


F5xZ23+F6xZ24 


TB118 


9 


9^^lSi3 "727-2(90) 


F6xZ23-F5xZ24 


TB119 


9 


9^iiS3^®18(0) 

v y\ Kim |XM » 


F2xZ25 


TBI 20 


9 


9 3l1M S 1 8(90) 


F3xZ25 


TR121 


Q 


9;4?^^5 045(0) 


F17xZ26+F18xZ27 


TR122 


9 


9Jfei©^5 045(90) 


-F18xZ26+F17xZ27 


TB123 


9 


9#fii;s;4 636(0) 


F10xZ28+Z11xF29 


TB124 


9 


9#fi;B;4 636(90) 


-F11xZ28+F10xZ29 


TB125 


9 


9^<iS3 627(0) 


F5xZ30+F6xZ31 


TB126 


9 


9^{i^:3 627(90) 


-F6xZ30+F5xZ31 


TB127 


9 


9;^ii«:Txi8(o) 


F2xZ32+F3xZ33 


TB128 


9 


9&<i&TX18(90) 


-F3xZ32+F2xZ33 


TB129 


9 


9^(1^=3709(0) 


Z34 


TB130 


9 


9^ilS:=lT09(90) 


Z35 



[0070] 

A table (13) 

[Table 13] 
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TCi 








TC1 


2 


2&Toric-Dist11(0) 


F2xZ2-F3xZ3 


TC2 


2 


2;jfcToric-Dist11(45) 


F3xZ3+F2xZ3 


TC3 


2 


2#Toric-7X02(0) 


Z5 


TC4 


2 


23feToric-TX02(45) 


Z6 


TC5 


4 


4#Toric-Dist3 1-1(0) 


F7xZ2-F8xZ3 


TC6 


4 


4^Toric-Dist31-1(45) 


F8xZ2+F7xZ3 


TC7 


4 


4#Toric-Dist3 1-2(0) 


F10xZ2+F11xZ3 


TC8 


4 


43fcToric-Dist3 1-2(45) 


F11xZ2-F10xZ3 


TC9 


4 


4#Toric-;t ffl22-1 (0) 


F5xZ4 


TC10 


4 


4;jfeToric-^ffi22-1 (45) 


F6xZ4 


TC11 


4 


4#Toric-7X22-1(0) 


F4xZ5 


TC12 


4 


4&Toric-7X22-1(45) 


F4xZ6 


TC13 


4 


4^Toric-Coma 1 3(0) 


F2xZ7-F3xZ8 


TC14 


4 


43fcToric-Coma 1 3(45) 


F3xZ7+F2xZ8 


TC15 


4 


4;jJjToric-3 013(0) 


F2xZ10+F3xZ1l 


TCI 6 


4 


4#Toric-3 013(45) 


F3xZ10+F2xZ11 


TCI 7 


4 


4^Toric-7'X04(0) 


Z12 


TC18 


4 


4#Toric-7X04(45) 


Z13 



[0071] 

A table (14) 

[Table 14] 



TDi 


«l2%ft 






TD1 


3 


3#Trefoil-Dist21(0) 


F5xZ2-F6xZ3 


TD2 


3 


3&Trefoil-Dist21(30) 


F6xZ3+F5xZ3 


TD3 


3 


3&Trefoil-TX12(0) 


F2xZ5-F3xZ6 


TD4 


3 


3^Trefoil-TX12(30) 


F3xZ5+F2xZ6 


TD5 


3 


3&Trefoil-3 012(0) 


Z10 


TD6 


3 


3#Trefoil-3 012(30) 


Z11 



[0072] 

In this way, in this embodiment, the aberration polynomial (g) using only the orthonormal-functions series as an aberration polynomial 
which expresses the aberration of projection optical system PL as a function of image surface coordinates and pupil coordinates is 
set up eventually. In this embodiment, as an aberration function of each item in an aberration polynomial (g), The function expressing 
the symmetry-of^revolution aberration component up to the 9th order (ray aberration), the function expressing the decentration 
aberration ingredient up to the 8th order (ray aberration), Although the function expressing the ASU (toric) aberration component up 
to the 3rd order (ray aberration) and the function expressing the Japanese honewort aberration component up to the 2nd order (ray 
aberration) are computed in illustration, it is also possible to compute the aberration function expressing a still higher order aberration 
distribution with the same technique. 
[0073] 

If Z4 in table (7) - (13) is replaced by the defocusing aberration D (the following formula (h) shows) as follows in order to express a 
focal ingredient more correctly, the fitting accuracy of the focal ingredient in each evaluation items or a spherical aberration 
component can be raised. This is effective in the case of evaluation of the image formation optical system which has a high numerical 
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aperture especially. 
D=(rho2-1) 1/2-1 (h) 
[0074] 

Drawing 3 is a flow chart which shows the process of the valuation method of projection optical system PL in this embodiment, and 
an adjustment method. Reference of drawing 3 will set up the aberration polynomial (g) which expresses the aberration of projection 
optical system PL as a function of image surface coordinates and pupil coordinates using an above-mentioned technique in this 
embodiment only using an orthonormal-functions series (S1 1). Subsequently, the wavefront aberration is measured about two or more 
[ in the image surface of projection optical system PL ] (S12). When measuring the wavefront aberration of projection optical system 
PL, the Fizeau type interferometer indicated by US,5,898,501,B (it corresponds to JP.H10-38757.A and JP,H10-38758,A), for example 
can be used. 
[0075] 

PDI (point defluxion interferometer) indicated by JP.2000-9761 7,A, JP.H10-284368.A and the phase recovery method by which the 
US,4,309,602,B load indication was carried out, WO 99/No. 60361, WO 00/No. 55890, and the S/H (Shack-Hartmann) method 
indicated by Patent Application No. 2000-258085, The technique of a Litel Instruments Inc. company etc. which were indicated by 
US,5,828,455,B and US,5,978,085,B can also be used. 
[0076] 

The technique using the halftone phase shift mask indicated by JP,2000-146757,A, JP.H10-1 70399.A, Jena Review 1991/1, pp8-12 
"Wavefront analysis of photolithographic lenses" Wolfgang Freitag et al., Applied Optics Vol. 31, No.13. May 1, and 1992, pp2284-2290. 
"Aberration analysis in aerial images formed by lithographic lenses", Wolfgang Freitag et al., And the technique using the light flux 
which passes through the part in a pupil, etc. can also be used as indicated by JP.2002-22609.A. In above-mentioned explanation, 
although the wavefront aberration of projection optical system PL is measured using an interferometer etc., the wavefront aberration 
of projection optical system PL is also computable with ray tracing, for example. 
[0077] 

Subsequently, at this embodiment, the wavefront aberration acquired at the aberration acquisition process (S12) is approximated by 
the Zernike polynomial as a function of pupil coordinates (S1 3). The wavefront aberration acquired about two or more [ in the image 
surface ] specifically, and Zernike coefficient-C i of each item is computed about each image point. [ the Zernike polynomial ] Next, 
based on Zernike coefficient-C i of each item in the Zernike polynomial obtained at the approximation process (S13), the coefficient 
MAi of each item in the aberration polynomial (g) of this embodiment, MBi, MCi, and MDi are determined (S14). 
[0078] 

the image surface of Zernike coefficient-C i which specifically corresponds, for example paying attention to the Zernike function Zi of 
a specific clause — internal division — based on cloth (distribution of coefficient-C i in each image point), The coefficient MAi of the 
specific clause in an aberration polynomial (g), MBi, MCi, and MDi are determined, for example using the least square method, the 
image surface of Zernike coefficient-C i corresponding paying attention to the Zernike function Zi of other specific clauses — internal 
division — based on cloth, the coefficient MAi of other clauses in an aberration polynomial (g), MBi, MCi, and MDi are determined one 
by one, for example using the least square method. 
[0079] 

In this way, the orthogonalization function TAi specified to table (7) - (14) by this embodiment, TBi, TCi, and TDi, being based on the 
coefficient MAi determined by the decision process (S14), MBi, MCi, and MDi — the pupil of the aberration of projection optica! 
system PL — internal division — cloth and the image surface — internal division — the aberration polynomial which expresses cloth 
simultaneously is obtained eventually. Finally, based on the aberration information (namely, aberration polynomial obtained eventually) 
on projection optical system PL obtained by the valuation method (S1 1-S14) of this embodiment, optical adjustment of the projection 
optical system PL is carried out (S15). 
[0080] 

this embodiment — the pupil of the aberration of projection optical system PL — internal division — cloth and the image surface — 
internal division — by using the aberration polynomial (g) which expresses cloth simultaneously, It becomes possible to decompose 
the aberration component of projection optical system PL analytically, and it becomes possible to compute promptly and correctly a 
correction solution, i.e., an optical adjustment method, and the amount of optical adjustments as compared with the conventional 
technique of performing numerical optimization by trial and error using a computer. That is, since it becomes easy to grasp the 
feature of the aberration situation of projection optical system PL by an aberration polynomial (g), it is expectable to become easy to 
stand the prospect of optical adjustment. 
[0081] 

In the various error analyses in a design stage, although the technique using automatic correction is conventionally used abundantly, 
since the aberration situation of projection optical system PL can be uniquely found by using the aberration polynomial (g) of this 
embodiment, simple and exact analysis is expectable. By using the aberration polynomial (g) of this embodiment set up only using the 
orthonormal-functions series TAi, TBi, TCi, and TDi, when fitting [ a wavefront aberration / an aberration polynomial (g) ], a fitting 
error can be suppressed small. 
[0082] 

In the above-mentioned embodiment, avoiding the complicatedness of calculation, in derivation of an aberration polynomial (g), the 
degree is restricted so that the aberration of projection optical system PL can fully be expressed, but by the derivation method of the 
aberration polynomial of this invention, a degree can be raised further if needed. Although the symmetry-of-re volution aberration 
component Wr, the eccentric aberration component Ws, the ASU (toric) aberration component Wa, and the Japanese honewort 
aberration component Wt are taken into consideration when deriving an aberration polynomial (g) in the above-mentioned 
embodiment, Other suitable aberration components can be taken into consideration if needed, without being limited to this. 
[0083] 

By what (exposure process) the pattern for transfer which illuminated the reticle (mask) (Lighting Sub-Division process), and was 
formed in the mask in the exposure device of the above-mentioned embodiment using the projection optical system by the lighting 
system is exposed for to a photosensitive substrate. Micro devices (a semiconductor device, an image sensor, a liquid crystal display 
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element a thin film magnetic head, etc.) can be manufactured. Hereafter, by forming a predetermined circuit pattern in the wafer as a 
photosensitive substrate, etc. using the exposure device of this embodiment explains with reference to the flow chart of drawing 4 
per example of the technique at the time of obtaining the semiconductor device as a micro device. 
[0084] 

First, in Step 301 of drawing 4 , a metal membrane is vapor-deposited on the wafer of one lot. In the following step 302, photoresist is 
applied on the metal membrane on the wafer of the one lot Then, in Step 303, exposure transfer of the image of the pattern on a 
mask is carried out to each shot region on the wafer of the one lot one by one via the projection optical system using the exposure 
device of this embodiment. Then, in the step 305 after development of the photoresist on the wafer of the one lot was performed in 
Step 304, By etching by using a resist pattern as a mask on the wafer of the one lot, the circuit pattern corresponding to the pattern 
on a mask is formed in each shot region on each wafer. 
[0085] 

Then, devices, such as a semiconductor device, are manufactured by performing formation of the circuit pattern of the upper layer, 
etc. According to the above-mentioned semiconductor device manufacturing method, the semiconductor device which has a very 
detailed circuit pattern can be obtained with a sufficient throughput In Step 301 - Step 305, vapor-deposit metal on a wafer, and on 
the metal membrane, although each process of spreading and exposure, development, and etching is performed, a resist, It cannot be 
overemphasized that each process, such as spreading and exposure, development, and etching, may be performed for a resist on the 
oxide film of the silicon after forming the oxide film of silicon on a wafer in advance of these processes. 
[0086] 

In the exposure device of this embodiment, the liquid crystal display element as a micro device can also be obtained by forming 
predetermined patterns (a circuit pattern, an electrode pattern, etc.) on a plate (glass substrate). Hereafter, with reference to the flow 
chart of drawing 5 , it explains per example of the technique at this time. In drawing 5 , what is called an optical lithography process of 
carrying out transfer exposure of the pattern of a mask to photosensitive substrates (glass substrate etc. in which the resist was 
applied) using the exposure device of this embodiment is performed by the pattern formation process 401. Of this optical lithography 
process, the prescribed pattern containing many electrodes etc. is formed on a photosensitive substrate. Then, by passing through 
each process, such as a developing process, an etching step, and a resist peeling process, a predetermined pattern is formed on a 
substrate and the exposed substrate shifts to the following light filter formation process 402. 
[0087] 

Next, in the light filter formation process 402. The group of three dots corresponding to R (Red), G (Green), and B (Blue) forms the 
light filter which were arranged by matrix form or was arranged in the group of three filters, R, G, and B, of a stripe in two or more 
horizontal scanning line directions. [ many ] And 403 is performed for a cell assembler after the light filter formation process 402. By 
403, a liquid crystal panel (liquid crystal cell) is assembled as a cell assembler using the substrate which has the prescribed pattern 
obtained by the pattern formation process 401, the light filter obtained with the light filter formation process 402, etc. In 403, a liquid 
crystal is poured in as a cell assembler between the substrate which has the prescribed pattern obtained by the pattern formation 
process 401, for example, and the light filter obtained with the light filter formation process 402, and he manufactures a liquid crystal 
panel (liquid crystal cell). 
[0088] 

Then, you attach each part articles in which the display action of the assembled liquid crystal panel (liquid crystal cell) is made to 
perform, such as an electric circuit and a back light, as a module assembler, and he makes it complete as a liquid crystal display 
element in 404. According to the manufacturing method of an above-mentioned liquid crystal display element, the liquid crystal display 
element which has a very detailed circuit pattern can be obtained with a sufficient throughput. 
[0089] 

Although this invention is applied in the above-mentioned embodiment to the projection optical system carried in the exposure 
device, this invention can also be applied to other general image formation optical systems, without being limited to this. Although this 
invention is applied in the above-mentioned embodiment to the projection optical system carried in the what is called scan exposure 
type exposure device, this invention can also be applied to the projection optical system carried in the one-shot exposure type 
exposure device, without being limited to this. 
[0090] 

Although the F% laser light source which supplies 157-nm wavelength light is used in the above-mentioned embodiment, The KrF 
excimer laser light source which supplies 248-nm wavelength light, for example without being limited to this, Deep ultra-violet light 
sources, such as a source of ArF excimer laser light which supplies 193-nm wavelength light, The mercury lamp etc. which supply a 
vacuum ultraviolet light source, and g lines (436 nm) and i lines (365 nm), such as an Ar2 laser light source which supplies the Kr2 
laser light source and the 126-nm wavelength light which supply 146-nm wavelength light can also be used. 
[Brief Description of the Drawings] 
[0091] 

[Drawing 1] It is a figure showing roughly the composition of the exposure device provided with the projection optical system which 
applies the valuation method of the image formation optical system concerning the embodiment of this invention. 
[Drawing 2] It is a figure explaining the image surface coordinates and pupil coordinates of projection optical system PL 
[Drawing 3] It is a flow chart which shows the process of the valuation method of projection optical system PL in this embodiment, 
and an adjustment method. 

[Drawing 4] lt is a flow chart of the technique at the time of obtaining the semiconductor device as a micro device. 
[Drawing 5] lt is a flow chart of the technique at the time of obtaining the liquid crystal display element as a micro device. 
[Explanations of letters or numerals] 
[0092] 

LS Light source 

IL Illumination-light study system 
R Reticle 
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RS Reticle stage 

PL Projection optical system 

W Wafer 

WS Wafer stage 
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(3) OSftft} X { (8) fr$> ( 13) WvffiiPlo} T'fl3i§ft&. 



[0032] 

y 2 -z 2 (8) 

2y • z (9) 

# 2 -7? 2 (10) 

2f-»7 (11) 

y • i-z ■ n (12) 

y • 77 + z • £ (13) 
[0033] 



aaic, &ffifRnwo#^<?)a^, =osuRn«^wtfc-?v^T#t4. Host dr 
efoii) js#mfctc$^r*R3jft#«>ffi« (&ffi&ff£*:Jiii&£) &#tttt3#o 

Eo«ltoEIlECStLT12 0*<0ffl»ilWBrrft*. £<0fctf>. ZoMt^ 
*/^fJRH-«rfc*=oStiRillS»Wttt. ( 1 4 ) - ( 2 1 ) TSSfiifiaiO 

=a«»Jfi#Tl.-5«IW)0RC«tT 1 2 oa^JWHBWrC***^^ . & ( 1 ) ~ ( 

3) x'$kZix&Emzm-&T^<v&mLk<7mtLx$imztis>. mum. ho 

mW£j8.WUi> < ( 1 ) *>4> ( 3 ) <OB©»} x{ (14)K(21) ov^*» 
[0034] 

y ( y 2_ 3z 2) ( 14) 

z(3y2 _ z 2) ( 15 ) 
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§ (i 2 -Sv 2 ) (16) 
V (3f 2 -7? 2 ) (17) 
(y 2 -z 2 ) ?-2y Z77 (18) 
2yzf + (y 2 -z 2 ) 77 (19) 
y (g 2 -t? 2 ) -2zf v (20) 
z (f 2-772) + 2yg 77 (21) 
[0035] 

£ 0 IX , mmWM&W r t StfJRHlfcfrW s 1 7X ( h- U •/ ? ) JRHjfcftW 
afcHo^IRH^^-Wt t $r^/i»ffiiRHWSr, |(1)H(3) OSRft} . 
14 { ( 1 ) *6 < 3 ) <9S«) X { ( 4 ) ( 2 1 ) 0tYf*tft»l9} T'S-fii:* J 
T* * . H2 fc , (feKiCfcSf, ( y , z ) i3J.ltfffiE3i.Sg, ( # . n ) 

tmm&m ( h , « ) & j:ttiiffati < p . 0 > toiBtti. ao* ( a ) ~ ( d > t 

[0036] 

y = hcosa (a) 

z = hsina (b) 

f = pcos# (c) 

77 = psin(9 (d) 
[0037] 

Ut#-oT. A ( a ) - ( d ) (z^fRfiRIO^V^T. ±j*tf>£ ( 1 > ~ ( 2 1 ) ** 
»S ( a ) - ( u ) fc-fch/eftSgB-*-* £ fc 4 . 
[0038] 

y 2 + z 2 (1) (4, h 2 (A) 
f 2 + 7? 2 (2) J4, p 2 (B) 
y • g + z • 77 (3) «, phcos (6-a) (C) 
y (4) 14, hcosa (D) 
z ( 5) {4. hsina (E) 
§ (6X4. Pcos<? (F) 
77 (7) (4, psin0 (G) 
y 2 -z 2 (8) 14. h 2 cos2a (H) 
2y • z (9) J4. h 2 sin2a ( I ) 
£ 2 -t?2 (10) 14, p 2 cos2<? (J) 
2f • 77 (1 1 ) 14, P 2 sin2 0 (K) 
y • i-z • 77 ( 1 2) {4, hpcos (0 + a) (L) 
y • 77 + z • i ( 1 3) (4, hpsin (6 + a ) (M) 
y (y 2 -3z 2 ) ( 14) {4, h 2 cos3a (N) 
z (3y 2 -z 2 ) ( 1 5) (4, h 3 sin3a (O) 
S (f 2 -37? 2 ) (16) (4. P 3 cos30 (P) 
77 (3f 2 - 77 2 ) ( 1 7 ) {4, P 3 sin3(? (Q) 
(y2 _ z 2) £_ 2yZ 77 ( 18) (4, h 2 pcos ((9 + 2 a) (R) 
2y z£ + (y 2 -z 2 ) 77 ( 1 9) (4. h 2 psin ( 6 + 2 a ) (S) 
y (f 2 - 77 2 ) - 2z#77 (20) (4, hp 2 cos (26 + a) (T) 
z (f 2 -7?2) + 2yf 77 (21) (4, hp 2 sin (26 + a) (U) 
[0039] 

[0040] 

W=Z (MixFMi ) 
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FM i = (A^i • . C o3) x { (D« ■ E"2 • ■ G k4 ) 
X (H k5 • I" • J" . • L k9 • M*io) 
X (N kl1 • O hl2 • P k!3 • Q kH • R kl6 
. sue • T kl7 • U hl8 ) ( ( e ) 

[0041] 

ZZX\ ZfcHEOfflfti (i = l. 2, 3, • • •) KBW*«WW?ftoT. Mi 
tJjrlXFMUMaMHJWZ (Mi • FMi ) fcfc»ti#Jl<OffiJ&fcJ:tflS»tcas. * 
fc» J l~J3tt» *T*V«(0, 1,2. ■ • ■ ) X'hi. kl-kl 8 

ii. 0*fcttl"C\ lolk i £ 1 ftf-WUf. k l~k 1 8li. -f^T^'O 

x-hht\ hz,\^±\->~fi\frir>tzmnx-b'>xmtox'hh. ki~k 
i o %mii®mrnm&#Y/ r t t&i. . k 

l-kl8WWlofcWltft«^ SSSttfltKaRlliS^Ws ifciir^ ( 

h-'J -y 7 ) JDBMctfWa * fcJ4=o||IDai«»W t t fc*4 . 

[0042] 

( 1 ) *3«tV ( 2 ) (C. IR^^«^S (M i • FM i ) £*5lt4«JlOiK2HR 
FMifcttJfrfS i<7M. wttfftt. JRH&it tJiVj l~j 3fcitXkl~kl8cO 

l~k 1 8<0»»oa»^i3-Wi N ®raFMlJ3W^)#5<»5IRiaWFM i*^< fc 

frl^ fc . 6)= 1 0*^tli 3 6 0' EKtefftt ( 1 HHm&tic#tt) **** Zt. o>= 2 
cotfr&lzlt 18 0' EBEfiE#tt ( 2 EHaHEtfcffiS) fc „ a> = 3 tffltefcUi 1 2 0 

[0043] 

$ 6 fc, j 1 ~ j 3 <0V vffijb> 1 o# 1 T&hif JRIKfcRIi 2 rtfftii*. . k 1 ~k 4 <9 
vvfft** l o# 1 T*ft(f iRMftifti 1 «ft«i , k 5~k 1 0 WTtlfr 1 o# 1 X'h 

ti\mmm\i2ti\mz.. ki i~k isMvn&i^tfix^K&wmiisti 

mil. * ( 1 ) tiXV ( 2 ) Tti, S?4 7g®U^iRgnjRFM i ^IUk**' 
[0044] 
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[0046] 

fcfc. * ( 1 ) *»J:tf ( 2 ) (cfflO, (Mi • FM i ) fct$lt*#Jltf>JK 

HHIfcFM i fc. ( z , y ) fcitflSffi&fi ( p . 0 ) T'ftSLT, 

ft (3) tjjrf. ft (3) <9JR£#8fci3Vvc. Focusfi?*- #*S\ DistJir -f X h 
-x 3 >-£, Toriciih-U-y^S-. CoiatiZJV*, Trefoil (±HomSr. TAtiT* ( h 
-U -y?) JD»£**v«ijRl/0>*. *fc. ft (3) £8VvC»3WiiKiHM&*«LT 

ft ( 3 ) ojkhw&fm i iza^x. r+ . . . j \mm<D^mmTmm 

T***fl't*tTV»*. fri3. ft (3) Ttt. «4 7«ia»^iR^RB&FMicOft*2r 
[0047] 

ft (3) 
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3 


3 


(y 2 -z 2 ) pcos 0-2yz psin 0 
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[0049] 

W(p, 6) =£Ci Zi (p, 0) 

= C1 ■ Zl (p, 0) +C2 • Z2 (p. 0) 
• • - - +Cn ■ Zn (p, 6) (f ) 

[0050] 

I<IT\ C Hi, 7x;P-^«*O*3Bc0fiHST*4. JSIT. 7x;P- 
gDNKSZi (p, 5) Wdfe, *ia^»36afc3^SWftZl--Z36S:. a^O 
* (4) fciSt. 
[0051] 

«(4) 

Zl : 1 
Z2 : pcosO 
Z3 : psintf 
Z4 : 2p 2 ~l 
Z5 : p 2 cos2 0 
Z6 : p 2 sin2 0 
Z7 : (3p 2 -2) pcosd 
Z8 : (3p 2 -2) psintf 
Z9: 6p 4 -6p 2 +1 
Z l 0 : p 3 cos3fl 
Z I 1 : p 3 sin3 0 
Zl 2 : (4p 2 -3) p 2 cos2# 
Zl 3 : (4p 2 -3) p 2 sin20 
Z14 : (10p 4 -12p 2 + 3) pcostf 
Z15 : (10p 4 -12p 2 + 3) psintf 
Z16 : 20p 6 -30p 4 + 12p 2 -1 
Z 1 7 : p 4 cos4 6 
Z 1 8 : p 4 sin4 6 
Z19 : (5p 2 -4) p 3 cos30 
Z20 : (5p 2 -4) p 3 sin30 
Z21 : (15p 4 -20p 2 + 6) p 2 cos26> 
Z22: (15p 4 -20p 2 + 6) p 2 sin2 6> 
Z23: (35p 6 -60p 4 + 30p 2 -4) pcos0 
Z24: (35p 6 -60p 4 + 30p 2 -4) psintf 
Z25: 70p 8 -140p 6 + 90p 4 -20p 2 +1 
Z2 6 : p 5 cos5# 
Z27 : p 5 sin5# 
Z28 : (6p 2 -5 ) p 4 cos40 
Z29 : (6p 2 -5 ) p 4 sin40 
Z30: (21p 4 -30p 2 + 10) p 3 cos3 0 
Z31 : (2 1 p 4 -30p 2 +1 0) p 3 sin30 
Z32: (56p 6 -104p 4 + 60p 2 -10) p 2 cos2 0 
Z33: (56p 6 -104p 4 + 60p 2 -10) p 2 sin2 0 
Z34: (126p 8 -280p 6 + 210p 4 -60p 2 +5) pcosO 
Z35 : (126p 8 -280p 6 4-210p 4 -60p 2 +5) psintf 
Z36: 252p 1 °-630p 8 + 560p 6 -210p 4 + 30p 2 -1 
[0052] 

*fc. JRH^JMX (Mi -FMi)^g(3) (C^«QOJRIinRFH i £ , 7x 
;m5r^^CO« (4) CS-f^B^'yi/P-^WRZ i OlIJBtS^JKIBfcSBBU £ 
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[0053] 

P»N j fc^tf^Wi, %JI14 (redundancy) iMiiltzMZ. iRHWiScFN 
JRSHftFNJ fcWfrfi.gfrftS-^B&L?^. AttWfcli, «t*^t=SrWi:LTFM2 
iZ4fc£#!S1-&2:. »2JR^)lRjaHftFN2tttlSHWfc: (Z4-Z1) ffi 

FNlfc*tJS***#Zl£**LT. «ilB»FN2-Z4i:UTV^. 
[0054] 

TO*. «(5) *3 9**$J:t8B4 0*tfHHWIftFN3 

9feJ:tXFN4 0j^2 5W^J:if»2 6aoJDaiWRFN2 5*JJ:t^FN2 6i:-t*l-P 
*l-ftLTH44>1\ JRH^IsSS (Mi • FN i ) fc8WCS3 9Jl*SJ:tfSS4 O^CO 
«HB8»FN3 9*$J:t^FN4 0»lfflv^fi'arv^fct:!Sri. 
[0055] 

*fc. « (5) fctJWC, JR^WitFN2~FN8(i[ll!|SM#JtZII^*Wrfc*fjCL, 
IRHUS&F N 9 ~ F N 2 0 JiflKSlRgJ&ftW s fctt J£ L . JRHWIfcFN 2 1 -FN4 Old 
7* ( h - U 7 ? ) flXiU£#W a fc*tJ6 L , KMM$C FN41-FN46 li=oWK3&R 
#wt(c*«6LTH*. * (5) Tli. »l3BOJUaHJWFNl=zltJj:WB4 
7 qU2(nK>lDElMlK F N i IX OS . 

[0056] 
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[0057] 

^w^^jo^^ffl^Tig^-fs. z<7)m<Dfz#>. ^mmm-a. mmmmiP, e 

1-F3 6S:. <RO^ (6) iZ^t. 
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[0058] 

*(6) 

Fl : 1 
F2 : hcosa 
F 3 : hsina 
F4: 2h 2 -l 
F 5 : h 2 cos2 a 
F6: h 2 sin2a 
F7 : (3h 2 -2) hcosa 
F8 : (3h 2 -2) hsina 
F9: 6h 4 -6h 2 -hl 
F 1 0 : h 3 cos3a 
F 1 1 : h 3 sin3a 
F 1 2 : (4h 2 -3 ) h 2 cos2a 
F13 : (4h 2 -3) h 2 sin2a 
F14: (10h 4 -12h 2 + 3) hcosa 
F15: (10h 4 -12h 2 + 3) hsina 
F16 : 20h6-30h 4 -hl2h 2 -l 
F 1 7 : h 4 cos4a 
F 1 8 : h 4 sin4a 
F19 : (5h 2 -4) h 3 cos3 a 
F20 : ( 5h 2 -4 ) h 3 sin3 a 
F21 : ( 1 5h 4 -20h 2 + 6) h 2 cos2a 
F22: (15h 4 -20h 2 + 6) h 2 sin2a 
F23 : ( 3 5 h 6 - 6 Oh 4 + 3 Oh 2 -4 ) hcosa 
F24 : (3 5h 6 - 6 Oh 4 + 3 Oh 2 -4) hsina 
F25: 70h 8 ~140h6 + 90h 4 -20h 2 +l 
F2 6 : h 5 cos5 a 
¥21 : h 5 sin5a 
F28 : (6h 2 -5 ) h 4 cos4a 
F29 : (6h 2 -5 ) h 4 sin4 a 
F30: (21h 4 -30h 2 +10) h 3 cos3a 
F31 : (2 1 h 4 -30h 2 + l 0) h 3 sin3a 
F32: (56 h 6 -104 h 4 + 60 h 2 -10) h 2 cos2a 
F3 3 : (56h 6 -104h 4 + 60h 2 -10) h 2 sin2a 
F34: (126h 8 -28Oh 6 + 210h 4 -60h 2 +5) hcosa 
F35: (126h 3 -280h6-h210h 4 -60h 2 +5) hsina 
F36: 2 52h 1 o-63 0h 8 + 560h6-2 10h 4 -h30h 2 -l 
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^64^<0fl«fiJ:t^ftShX:«aBWrC»6. MB i HXX/TB i fl&RS 
jfcfrw s trafl»«-^o«itfcJ;u f iI3c'ft;$ii!tJRIIMaT'$»S . mc i is ii/TC i te 
, 7* ( b-U v 9 ) l|M«^Wa^M1-|.#^^i!cfcJ:yiS3e'f^^iRIIM^T-J> 

[0063] 

( 7 ) fcitf (8 ) lc. EKtt*lR»S#Wr tBW**B«lISft(5aM«T 
A i iSrt. ( 9 ) ~ ( 1 2 ) ic. fiE&KltjftftWs fcR-J- •i.^Jl^EX-ftlR^W 

gfcTB i £*rf. ( 1 3 ) fc, 7* ( h-V -v 9 ) lR3ij£#Wa{;:B8-r!>*£<9S 

£fl3K»8RTC i S-^f. &<9« ( 1 4 ) Er>mmttWtimtl&W3R. 
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ft") #H¥ 1 0-28436 8* it0RB1MWII4 , 309, 60 2#?Kffl!*S<l 
fcffiflEfflft*. WO9 9/6 036 1*. WOO 0/5 589 0^-, fcj:imii2 0 0 
0-2 5 80 8 5^tB8^S<XfcS/H (v'-vy? • A/H-vy) ^> s $a&&9l5. 
828, 4 5 5-f&tf#ll#ffSS5, 9 78, 0 8 5#tS^Stl?tLitel Instruments 
Inc. tt<^aar££ffl^S£i:fcr*4. 
[0076] 

$ 4>(c, #§§2 000-14675 7-*fcBR*3*lfcA-7 h-y^ffl^ hv*? £ 
ffl^6#i£ J ?\ ^^¥1 0-17039 9-«§\ Jena Review 1991/1, pp8-12 "Wavefront 
analysis of photolithographic lenses" Wolfgang Freitag et al., Applied Optics V 
ol. 31, No. 13, May 1, 1992, pp2284 - 2290. "Aberration analysis in aerial images 
formed by lithographic lenses", Wolfgang Freitag et al. s &Wgffi2 0 0 2-2 . 

2 6 0 9#fcHss<iT^* j: o tc, mficv^zm&t&ftsfizm^&^mzb'zm^ 
mMix^&tf. Kbtammizx 9«»#*jrp ^^mmmn^thzb h 
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XZ&. 
[0077] 

awe. *mtjm-m* joaaifiis ( s 1 2 ) Tfi^^aKBrait. tt^mora 

&blXOVx)l>-'!r2i%&X'm.m-& (Sl 3) . ftttdi. *SifciJftS«3fc£fc 
c i *#«£fcovvc3t:aj-t§. i£<Rig ( s 1 3 ) Tlf^fL^^x;^^^^ 

tfc{tl)#3l^7x^-^<lScC HcS^avc, *^f^®^lRH^^ ( g ) tfcttl. 
#3iO«MA i . MB i , MCi, HXX/MD i £&£f-S ( S 1 4 ) „ 
[0078] 

c i cummin (&®£.izmz>m!tc i <o#fi) (cg-^-t. luni^ ( g )£& 

VZ>®%m<D{%&MA i . MB i , MC i , fcJtfMD i *, fcfc*tfft'K3fta£fflV* 

ac i nimmmzm-i^x . w£&t& ( s ) izsnzm^mmA i , mb i 
, mc i , isjyMD i £ x feti.{fft/hzaia^fflv^Twr<j^«i-s. 

[0079] 

L/C. :*SOBE3irCH:. * ( 7 ) - ( 1 4 ) taSSiifclttSJftWRTA i . TB 
i , TC i , iJ <tt/TD i fc . ( S 1 4 ) T&5££*lfc«MA i , MB i , M 

C i , i fcfc£-?WC % J»3l^PL<OJRII«0ttrt^*Jil^«Hrt^* 

H«fc^**^3MJt^wwic*&*i*. mc, jgrnmrnnmum ( s 1 1 

-S 1 4 ) fci OfcfcfifcSMfcmiP L<0C«fl!« (t^b%ftKWfcltfc*ifc«aH> 
E*) KScftv^ sawte^sRp L&3t«W-4 ( S 1 5 > . 
[0080] 

iRH^fliC ( g ) fcfflv*ft ZbizX*). ft»3K*JRP LCDWM&ttZMttmzfttgi'& Z. 

tfifcfc*. o^O. (g) (=J:9^3^PLOiK3MO^£ffl8L^ 

[0081] 

•o^tfs $mmmm<vim£m£(s) ^fflv>*ifc(cj;o. s»*S3Rp loirs* 

3«»?iJTA i , TB i , TCi, ii itfTD i OfrtfflV^RgSiUfeJWBBKIB^ 
( g ) £JH^4 - 1 J "9 » aBM!ai*JOai^?K ( g ) -f -xr * ^-r 

* etc 7 a v t < v?wm:>\^ <wi&zttf?zz>. 

[0082] 

Srfc, J&agtJmTii. H«<0^»$S:SttooS^3K^*PLOiRIIS-H)-t:* 

«^^tii*st-{±^cKi:T^^$f>(c^s-fc* J t'#?.. tit. ±Mcomm 

IBTNi. ( g) WWfflCllLT. EC*f*iDaiJS#Wr fc«83KII»S#Ws fc 

77. ( h — 'J 7 7) l[!^#WafcEo»R£]£#Wt fcfcJMU/O****, iflfcHJg 
Sfi.4 £ . M<r>mmimj8.ft%Zl>mi,zfetX%&i-Z £ fc#T£ I . 
[0083] 

*£mt ixwx^mt.zmg.omwif-y&ej&tzzkizx^x. v^dtaw 

7 fc lTO¥&ftrA'47£ft&|SgO#&O^Ko£[2407n-^- h £#BSLT 
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[0084] 

5frf, l4mf7730 1ti5UT. ln<y b^^xA±t^JSSB|!i^g3t§fL|,. & 
<DXf v7 3 0 2 fcfcWC . f<01O7 bO>> x^±f3&Ji|gLbf;:7 * h U 
S*i4. *tf>®. X-r-yT3 0 3KfcVvt\ *5tftig^gft£X£;fjvvt. 7X^1^) 
«S»3te?jfi*^L"C » D -y bO^VtCD&v a «y hfttt&JG 

P^hWRflW*tf*>*i3ttt. ^T-y7"3 0 5fc:feV^T. o<y hWiAiTl/y 
XbA-^-^VX^tfCXyf-y^ffpdfctCio-C, IX? kJF»^-V\,Zftm 
■tmWV-yi\ ^lAMi'a'y r-HiSfcJ&fcSilS. 
[0085] 

l~*T-y7*30 5Ttt, -7xA±(;:&JI$rg£iU ^OAKBLbtV^hfeJtff. "£ 
[0086] 

-Wfc-JJSWS. H5ic*ttvt, ^-y»jSIS4 0 1-Ctt. *ms^son^ 

[0087] 

<«C, *5-7</l^-#j£l84 0 2"C«\ R (Red) , G (Green) . B (Blue) [Z 
ttRUzS^iDVvbmffvVVvtxmz&Mimtit:*). ttzltR. G, B03 
*<7)X h r«7 ^^-oa*«R*T^H6*lfilKi»iJS<i3 | i: 0 U:#7-7 -f ^ 

0 3#HfT$ftl> . t*a»4T:S4 0 3 Tl±, A7-VM4 0 1 (CT*t6*lfc 
Bf^^-y^-Ti,^ feJ:^5-7^^-»«I3S4 02(CT# t,i\tz*y- 
7 -f i^^-mfflViTWtiM' (SUHs/lO S-ffl^iTS. -fc/Ha*iTHl4 0 3? 

4 /U*-»£lg4 0 2 teTftWufc* 5-7 -f Tl^-i: tf)Hfc»ft£&A LT . «ftvc 

(saw fenat*. 

[0088] 

ti/*a-A«*4TIfi4 0 4tT. fi*:4T MufcSfi^A' (iMrte/U) 

[0089] 

tt:. i&vmmBX'ii. ^ * * >®mL?>n%mmzft& 
zivfcmmmzttixxmimmLx^&ff. ztiizm%.ztiz>zt%<. hsss 
?mcDm^mzm®2tizm%¥mzttLx*3ffl£®mt s - 1 <>t* & . 
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[0090] 

TH4#. £*lfcR5eS;h.*;ri:fc<» fcbilf 24 8nm<9ift£3£S:ft&-t4KrFX 
df^VU— r-3feji^>, 1 9 3 nmfl)»I«(ttt»tiA r FX^5^7U— f-rJHKf if 
^WRJWfiaU 1 4 6 n mOiftfitffcfttel-* K r , U—f-JflR* 1 2 6 n m« 
£ffi&-f4Ar 2 U-1f-3KaFSrifOK^I«*l(, 4fcg* (4 36nm) *i« ( 3 
6 5nm) imkttAMJyT&ZWIZkkTtl. 

[0091] 

[Hi] ^^commm^p^h^m^^mrnm^mm-f^mm-mmttz 

[03] 4ldC^lti8niS«l(P LOfftt^Sfc J:^fflg*ffi^XS&^-f7D 

[04] v^^arA^xtL-CO^frTAMxS:#|,^^ffi^7a-^-h-C-J) 
4. 

[05] v-f ^nfA'^Xk froi8U»5aH t *»4il«^57n-f-^-hr»6 

» 

[0092] 

LS 3KB 

IL ffiffiftgR 

R 

RS l/f^/Uf-y 
PL t&ffl&R 
W »>x^N 

WS ^lAXf-y 
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1 -f- 
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ws 




A >Y 



[123] 



[04] 



1 — sn 



j — S12 



ifc£S#r£ (s l 2) X'®t>tt&tu®.&t:& 



S13 



MIS (S 1 1 -S 1 4) iZZVftbtlftlBL 
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^^3 0 4 



(29) #gB2005-12190(P2005-12190A) 

[15] 







'<^->mi*Iia 4"^ ATy?4 0 1 







4 0 3 



#S§2005-12190(P2005-12190A) 



